Twin studies have assessed sibling resemblance for major depression (MD) but cannot address sources of resemblance across generations.
T win studies have found that sibling resemblance for major depression (MD) is substantially influenced by genetic factors with little to no contribution from the shared family environment. 1, 2 However, twin studies examine members of the same generation and cannot address sources of resemblance across generations. The primary method for this assessment has been adoption studies.
Although the twin literature on MD has increased in recent decades, 4 classic adoption studies of MD, [3] [4] [5] [6] all published from 1978 to 1986, had small sample sizes and substantial methodologic limitations and produced conflicting results. Two of these studies 3, 6 found significant transmission for MD from biological parents to adopted-away offspring but together identified only 15 cases of adoptee MD. The other 2 larger studies 4, 5 found no evidence of genetic transmission of MD across generations. One of these studies 5 examined the association between MD in adoptive parents and their adoptive offspring and found no resemblance. More recently, a partial adoption study 7 (lacking biological parents) found that MD in adoptive parents was significantly associated with MD in their adoptive adolescent offspring.
Renewed interest in adoption studies of psychiatric disorders has emerged largely owing to the availability of national record linkages in Scandinavia. [8] [9] [10] [11] [12] However, to our knowledge, such studies have used psychiatric diagnoses from hospital admissions and sometimes specialist outpatient care. For MD, such samples are unlikely to be representative because most treated cases of MD are seen solely in outpatient primary care settings. 13, 14 We herein report an expanded national Swedish adoption study of MD using a newly available primary care registry (PCR) 14 that, when combined with hospital and psychiatric outpatient data, provides a representative sample of treated MD. We examine intact nuclear families, families with biological and adoptive parents from an adoption sample, families with not-lived-with (NLW) parents, families with stepparents, and triparental families 15 to examine the following questions: (1) to what degree is the transmission of MD from parents to offspring the result of genetic vs rearing effects, and (2) how do genetic and rearing effects jointly contribute to the resemblance for MD between parents and their children? In particular, do they act additively or do they interact?
Methods
We collected information on individuals from Swedish population-based registers with national coverage linked using each person's unique personal identification number, which was replaced with a serial number by Statistics Sweden to preserve confidentiality. We used the MultiGeneration Register, the -10) . The MD diagnosis could be registered at any time. Individuals registered with schizophrenia (ICD-8 and ICD-9: 295; ICD-10: F20) and/or bipolar disorder (ICD-8: 296.1 and 296.3; ICD-9: 296.0, 296.1, and 296.4-8; ICD-10: F30 and F31) were censored from the sample.
The database was created by entering all individuals in the Swedish population born in Sweden from January 1, 1960, through December 31, 1990, and included the number of years from ages 0 to 15 years that individuals resided in the same household and geographical area as their biological mother, biological father, and possible stepfather. These individuals, the offspring in our study, were followed up through December 31, 2016, and were then aged 26 to 56 years. Geographical area was defined by small areas for market statistics (SAMS). Sweden has approximately 9200 SAMS, each with an average population of 1000 persons. From 1960 to 1985 (every fifth year), we used household identification and geographical status from the Population and Housing Census to define family types. The household identification includes all individuals living in the same dwelling. From 1986 onward (every year), we defined family type using the family identification and geographical status
Key Points
Question How do effects of genetics and rearing each contribute to the transmission of risk for major depression from parents to children?
Findings In this population register-based study of 2 269 552 offspring of intact, adoptive, not-lived-with father, stepfather, and triparental families from the general Swedish population, the effects of genes and rearing were approximately equal for parent-offspring resemblance for major depression. Genetic and rearing effects acted additively on offspring risk for major depression.
Meaning Genetic and rearing effects are important in the cross-generational transmission of major depression.
from the Total Population Register. The family identification is defined by related or married individuals registered at the same property. Furthermore, adults registered at the same property who have common children but are not married are registered in the same family. We created family types by investigating with whom the offspring shared the same household and family identification when they were aged 0 to 15 years. In the detection of stepparents during 1986 and onward, for an offspring living with his or her mother, we only captured the stepfather if he was married to the mother of the offspring and/or had a common child with the mother. For the years without this information, we approximated the household and geographical status with the information from the closest year.
We thereby defined 5 types of families. First, intact families that included offspring residing from ages 0 to 15 years in the same household with the biological mother and father. Second, families with NLW fathers included offspring who never resided in the same household or SAMS as the biological father. Third, families with stepfathers included offspring who did not reside from ages 0 to 15 years with the biological father and resided at least 10 years of this period with a nonbiologically related man 18 to 50 years older. Fourth, adoptive families included offspring adopted at younger than 5 years, with information available on both adoptive parents and at least 1 biological parent. Individuals adopted by biological relatives or an adoptive parent living with a biological parent were excluded from this sample, and to maximize our number of adoptees, we included offspring born from 1955 through 1990. The NLW fathers and stepfathers were defined so that their relationships with their offspring resembled those seen between an adoptee and his or her biological and adoptive parents, respectively. Fifth, triparental families included in a single family all 3 key parent-offspring relationships; offspring resided from ages 0 to 15 years in the same household with their biological mother, never resided with their biological father, and resided with a stepfather for at least 10 years. Triparental families are therefore not unique and represented an intersection of the families with NLW fathers and stepfamilies. To avoid redundancy, triparental families were not included in joint analyses of family types but were analyzed separately because of their particular informativeness.
We examined the tetrachoric correlation for MD in our parent-offspring pairs because this measure of association is easy to interpret in a genetic-epidemiologic context 16 and is insensitive to changes in base rates. 17 To combine results from the different samples, we used the Olkin-Pratt meta-analytic approach. 18 We calculated the combined correlations and the P values for the heterogeneity tests that evaluate the null hypothesis that effects are similar across samples. Last, we investigated the interaction of genes and rearing. This analysis was performed in the adoptive sample in which we combined the effects of biological and adoptive parents to maximize power. To assess the interaction, we used a regression model, with MD in offspring as the dependent variable and MD in biological parents, MD in adoptive parents, and their interaction as independent variables using the identity link. The interaction term was then measured on the additive scale. Power was limited to detect subtle interactions. Two prior analyses of Swedish adoptive data 8, 9 attempted similar analyses, and one 8 detected a significant interaction. The statistical analyses were performed using SAS, version 9.4 (SAS Institute). 19 We used Bonferroni corrections for comparisons of differences of correlations across the types of parentoffspring pairs. 20 
Results

Sample
The study population included 2 269 552 offspring (51.5% male and 48.5% female; median age, 42; range, 25-56 years). Table 1 provides the sample size of offspring in our 5 informative family types and the prevalence of MD in offspring and parents. Prevalence rates of MD in offspring and biological parents were about 50% lower in the intact families than in the NLW father, stepfather, adoptive, and triparental families. However, prevalence rates for MD in stepparents and adoptive parents were similar to rates in intact families. The female to male prevalence ratio was similar in the offspring (mean, 1.84; SEM, 0.03) and parental generations (mean, 1.75; SEM, 0.03). Table 2 provides the sources of ascertainment of our cases of MD in the offspring and parents in our entire study population. Of note, 64.0% of affected offspring, 63.5% of mothers, and 54.5% of fathers were ascertained solely through the PCR.
Cross-Generational Transmission of Risk to MD
Parent-offspring tetrachoric correlations for MD across our 4 independent family types (excluding triparental families) are seen in Table 3 and the Figure. ; genes-only association) for NLW father families, and r = 0.09 (95% CI, 0.07-0.11; rearing-only association) for stepfamilies. Table 3 and the Figure also present weighted correlation estimates for associations for which we had more than 1 sample. None were statistically heterogeneous. For mothers, the genes plus rearing association was estimated at r = 0.18 (95% CI, 0.18-0.18). The father-offspring genes-only association was estimated at r = 0.08 (95% CI, 0.07-0.10); the rearing-only association, r = 0.08 (95% CI, 0.06-0.10). Table 4 presents weighted estimates of our results across mothers and fathers, with a heterogeneity test. One significant difference was found. The genes plus rearing association was significantly stronger for mother-offspring than for father-offspring relationships. The aggregate-weighted estimates for the correlation of MD between parents and offspring were r = 0.17 (95% CI, 0.16-0.17) for genes plus rearing, r = 0.08 (95% CI, 0.06-0.09) for genes-only, and r = 0.08 (95% CI, 0.07-0.09) for rearing-only associations. Of interest, we found suggestive evidence that genetic associations were stronger in father-offspring than mother-offspring relationships.
Nature of the Relationship Between Genetic and Rearing Effects
Our best sample for assessing the additivity of genetic and rearing effects was triparental families that contained, in a single family unit, the 3 key parent-offspring relationships. In these families, parent-offspring correlations for MD were r = 0.19 (95% CI, 0.17-0.22) for mother-offspring relationships, which included genes plus rearing; r = 0.10 (95% CI, 0.07-0.13) for NLW father-offspring relationships, which included genes only; and r = 0.08 (95% CI, 0.05-0.11) for stepfather-offspring relationships, which reflected a rearing-only effects. Our best sample for assessing gene and rearing interactions was adoptive families. Using an additive scale and combining the effects of biological and adoptive parents to maximize power, we found significant genetic (β = 0.021; 95% CI, 0.005-0.038) and rearing (β = 0.036; 95% CI, 0.019-0.054) associations but no significant interaction (β = −0.002; 95% CI, −0.040 to 0.036).
Discussion
Our goal was to address in, to our knowledge, the first large-scale adoption study of MD, 2 key questions about the magnitude and nature of the cross-generational transmission of this disorder.
Genes and Environment in Parent-Offspring Transmission
In accordance with numerous prior studies, 1, 21, 22 we found substantial resemblance for MD in parents and children from intact families. Consistent with 2 of the 4 prior MD adoption studies, 3, 6 we also found evidence of genetic transmission of MD risk across generations. However, contrary to the single prior classic adoption study that examined this question 5 but consistent with the findings in adolescents by Tully et al, 7 we found significant resemblance for MD between adoptive parents (and stepparents) and the children who they reared. Our evidence for environmental transmission of risk for clinically diagnosed MD is also supported indirectly by a number of prior studies. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] The literature has documented the adverse psychiatric effects of being reared by parents with depression. substantial correlations for depressive symptoms among genetically unrelated mother-child dyads. Finally, an adoption study 33 found significant correlations between the levels of neuroticism in adoptive mothers and depressive symptoms in their offspring during middle childhood. Our findings appear to be inconsistent with twin studies that have not detected a role for the shared environment in MD. 1, 2 However, shared environment from twin studies only assesses parental behaviors that are consistent across children (key parenting behaviors are only moderately correlated within twin pairs 34 ) and includes any other environmental factors (eg, peer, sibling, and community) that affect twin resemblance. Adoption studies provide a more direct assessment of the effect of parental behaviors on offspring. Furthermore, because of the substantial genetic effects, twin studies are not well powered to detect moderate shared environmental effects. 35 
Joint Impact of Genes and Environment
We took 2 approaches to understanding how the genetic and rearing influences from parents acted together in affecting risk for MD in their children. First, we examined a natural experiment, triparental families, which contained all 3 kinds of parent-child relationship reflecting genes plus rearing (mother), genes-only (NLW father), and rearing-only (stepfather). Expressed as tetrachoric correlations, the effects of genes and rearing environment were additive; the sum of the NLW fathers (r = 0.10) and stepfathers (r = 0.08) nearly equaled that of the rearing biological mother (r = 0.19). These results were similar to those found in our global analysis of our 4 family types, in which the summary correlations for parentoffspring relationships reflecting genes only (r = 0.08) and rearing only (r = 0.08) were nearly identical to that obtained for genes plus rearing (r = 0.17). These analyses suggest that the parental genetic and environmental contributions to risk for MD in their offspring act largely additively. Second, the best natural experiment for statistically evaluating interactions of genetics by rearing environment was the adoptive family. In these analyses, conducted on an additive scale, we found main effects for genes and main effects for parental rearing effects, but no evidence of interactions between them. Both our lines of evidence suggest that the effect impact of parental genes and rearing on risk for MD in their offspring is an additive one.
Other Concerns
Most cases of MD in our study in parents and offspring were ascertained through the PCR. We previously examined the validity of these diagnoses 14 and found them to be supported by (1) expected patterns of comorbidity 36 (eg, high co-occurrence with anxiety disorders); (2) a high proportion of cases treated with antidepressants (79.4%); (3) a tetrachoric correlation in full siblings (r = 0.15) similar to that found for lifetime MD assessed by structured psychiatric interview in female-female, male-male, and male-female Swedish dizygotic twins (r = 0.16, r = 0.11, and r = 0.11, respectively) 2 ; and (4) expected epidemiologic associations with the female sex, lower parental educational attainment, reduced educational attainment and rates of marriage, and increased risk for divorce. 36 
Limitations
These results should be interpreted in the context of 5 potentially important methodologic limitations. First, this study is restricted to persons with treated depression in Sweden and may not extrapolate to other samples. Second, we obtained our participants from hospital, specialist, and primary care registries. Registry data require neither participant cooperation nor accurate recall. However, these data can produce false-negative and false-positive diagnoses, the nature of which is difficult to estimate. Sweden has no large-scale, interview-based psychiatric epidemiologic study with which to compare our treated prevalence rates. However, an epidemiologic survey in Norway provided a lifetime estimate of MD of 17.8%, 41 and 42 161 interviewed twins from the birth certificate-based Swedish twin registry produced an estimated lifetime prevalence of MD of 19.5%. 2 Determining whether such incomplete ascertainment is more likely to attenuate or upwardly bias estimates of parent-child resemblance is difficult. Third, our 3 registries were active during different time frames, with the PCR covering the shortest period. Therefore, the parent and offspring samples in our study are not completely comparable because a higher proportion of parents were ascertained through inpatient care. Fourth, our adoptive sample was slightly older than our other samples. We examined whether restricting this sample to the years of birth of the other samples systematically changed our results; it did not. Fifth, we cannot rule out that NLW fathers had contact with their offspring that might have increased their resemblance for MD.
Conclusions
Using an extended adoption design applied to the Swedish general population and nearly complete ascertainment of treated MD in parents and offspring, we found that parent-offspring transmission of risk for MD is the result of genetic factors and rearing experiences to an approximately equal degree. These 2 forms of cross-generational transmission appear to act additively on offspring MD risk. Although much of the genetic research on MD has recently focused on the role of molecular variants, 42,43 our results suggest that environmental processes also affect appreciably the tendency for MD to aggregate within families. A complete understanding of the familial transmission of MD will require projects that assess carefully genetic and familial-environmental processes.
